Purpose: Both HIV infection and antiretroviral therapy (ART) are associated with significant decreases in bone mineral density (BMD) and increased fracture rates. To prepare for a randomized controlled trial of prophylactic bone antiresorptive therapy during ART initiation, we assessed the acceptability of this strategy, bone health knowledge, and fracture risk among HIV-infected adults. Methods: HIV-infected adults with no history of osteoporosis were recruited from one tertiary and one primary care HIV clinic. Participants completed a questionnaire and underwent chart review. The primary outcome was the proportion of respondents expressing interest in taking prophylactic bone antiresorptive therapy in conjunction with ART. Results: Of 112 respondents, 25.0% were ART naïve, 23.2% had been taking ART for 1 year, and 51.8% had been taking ART for 1 year. Half (51.9%) indicated interest in taking shortcourse prophylactic bone antiresorptive therapy; this did not differ by ART status (53.6% among ART-naïve, 51.3% among ART-treated; P=0.84, chi-square test). In exploratory multivariable analysis adjusted for ART status, a greater number of pills taken per day was positively associated with this outcome (adjusted odds ratio [OR] =1.12 per pill, 95% confidence limit [CL] =1.01, 1.25), while male sex was inversely associated (adjusted OR =0.05, 95% CL =0.01, 0.24). Among those willing to take therapy, most (80.4%) were willing to do so for "as long as needed" and preferred weekly dosing (70.9%) to daily dosing (12.7%). Conclusions: Half of this sample would be willing to take bone antiresorptive therapy together with ART, with preferences for weekly dosing and for whatever duration may be required. These data will inform the design of future trials to protect bone health in HIV.
Background
With the advent of combination antiretroviral therapy (ART) for HIV infection, new long-term metabolic complications have emerged. Among these complications are decreases in bone mineral density (BMD) and the associated increased risks of fracture. A meta-analysis suggests that HIV patients are 6.4 times more likely to have low BMD, and 3.7 times more likely to have osteoporosis, than HIV-uninfected controls. 1 Other studies have documented increasing rates of fractures in the setting of HIV, with an overrepresentation of fractures at fragility sites such as the vertebrae, hip, and wrist. [2] [3] [4] The etiology of these problems is likely multifactorial, including an overrepresentation of traditional osteoporosis risk factors including smoking, hypogonadism, low body mass index, and excess alcohol consumption, a contribution from HIV itself, and an important iatrogenic impact of ART. 5, 6 Indeed, clinical trials of firstline ART among treatment-naïve HIV patients have consistently demonstrated dramatic net BMD decreases of 2%-6% during the first year after ART initiation. 7, 8 At present, however, the standard approach to bone health in HIV has typically ignored this critical time window. Current clinical guidelines and expert recommendations are simply to monitor for the development of osteoporosis by assessing BMD in patients who have accumulated enough clinical risk for fracture over time. [9] [10] [11] However, giving short-course bone antiresorptive therapy around the time of ART initiation is intuitively much more attractive than waiting for osteoporosis to develop in HIVinfected patients. Since BMD typically stabilizes after the first year on ART, a short course (eg, 6-12 months) of prophylaxis may be sufficient and could further avoid the costs, inconveniences, and toxicities of long-term osteoporosis treatment. There are no published data on the preventative use of such medications in the context of HIV. To prepare for a randomized controlled trial of prophylactic bone antiresorptive therapy during ART initiation, we assessed the acceptability of this strategy, as well as bone health knowledge and fracture risk, among HIV-infected adults.
Methods
We conducted a cross-sectional survey and chart review among patients attending routine clinic visits at a tertiary care HIV clinic and an academic primary care clinic in Toronto, Canada. Sequentially identified HIV-infected adults aged 18 years with no known history of osteoporosis and no use of antiresorptive therapy were eligible.
The survey instrument was a self-administered 18-item questionnaire addressing three domains: patient preferences regarding bone antiresorptive therapy, knowledge about bone health, and fracture risk. The questionnaire was developed as follows. Item generation and item reduction were completed by the study team after literature review, with several items modified from previously published papers and/or validated scales. [12] [13] [14] The first five participants served as pilot participants, allowing assessment of administration logistics and understandability; no issues were identified requiring modification of the survey instrument. Permission was also sought to extract information about participants' demographics, HIV history, and fracture risk from clinic charts. Fracture risk was objectively quantified using the World Health Organization Fracture Risk Assessment Tool (FRAX ® ), validated for Canadian populations. 15 The primary outcome measure was the proportion of respondents answering "yes" in response to the question, "If you were asked today, would you be interested in taking an osteoporosis prevention medication, together with anti-HIV medications?" This question was preceded by the following short, plain-language statement about ART and osteoporosis prevention medications: "Anti-HIV medications are extremely important for treating HIV infection. However, they can sometimes cause side effects, including weakening of the bones, that could increase the risk of osteoporosis and rarely, lead to fractures. Safe, effective medications exist that can decrease the risk of osteoporosis and fractures. However, these osteoporosis prevention medications are not routinely used in HIV-infected persons unless there is a proven problem with the person's bone health." Because the current use of ART may influence participants' willingness to take bone antiresorptive therapy, the primary outcome was calculated separately for two strata: patients naïve to ART and those already on ART.
Secondary outcome measures included participants' preferences regarding the potential use of antiresorptive therapy, knowledge regarding bone health, subjective assessment of their fracture risk, and objective fracture risk as evaluated using the FRAX ® tool. Exploratory univariable and multivariable logistic regression modeling was used to identify predictors of participants' willingness to use antiresorptive therapy. Variables were included in the multivariable model if they produced changes of 10% in the parameter estimate for the primary predictor variable of interest, ART status, and were not collinear with other variables.
The sample size was based on the minimum number of participants required to estimate the proportion who would be willing to take prophylactic bone antiresorptive therapy during ART initiation with a reasonable level of precision. Using the equation N=Z
, where Z 1-α/2 is the 1-α/2 critical value of the standard normal distribution for α=0.05, p is the proportion of interest which was conservatively set at 0.5, and l is half the length of the desired 95% confidence interval, and allowing for 10% incomplete responses, we calculated that a sample of 106 participants would allow estimation of the true prevalence with reasonable precision (l=0.1). We aimed for half of the recruited sample to be either ART-naïve or within the first year of ART initiation.
Approval was obtained from the St. Michael's Hospital Research Ethics Board prior to conducting any study activities.
Results
Between July and August 2013, 119 sequential patients were asked to participate, of whom two declined without specifying a reason. Of the 117 surveys that were returned, two were excluded due to a history of osteoporosis and one was removed due to concurrent use of a bisphosphonate ( Figure 1 ). Of the 112 respondents included in the final analysis, median (interquartile range, IQR) age was 43 (36-51) years and 89 (78.8%) were male. Roughly half (51.8%) had been taking ART for 1 year, 23.2% had been taking ART for 1 year, and 25.0% were ART naïve. Additional participant characteristics are shown in Table 1 .
Preferences regarding bone antiresorptive therapy
In the primary analysis, half (51.9%) of participants indicated interest in taking prophylactic bone antiresorptive therapy in conjunction with ART, and this proportion did not differ by ART treatment status (53.6% among ART-naïve, 51.3% among ART-treated; P=0.84, chi-square test). Male sex was inversely associated with this outcome in both univariable (odds ratio [OR] =0.07, 95% confidence limit [CL] =0.02, 0.33) and multivariable (adjusted OR =0.05, 95% CL =0.01, 0.24) analysis ( Table 2 ). The only other participant characteristic significantly associated with willingness to use antiresorptive therapy was taking a greater number of pills per day (adjusted OR =1.12 per pill, 95% CL =1.01, 1.25).
Among those willing to take therapy, most (80.4%) were willing to do so for "as long as needed", and preferred weekly dosing (70.9%) to daily dosing (12.7%). erroneously believed that "osteoporosis is something that only matters for the elderly".
patients approached
115 surveys completed 2 refused; no reason specified 112 included in analysis 2 excluded for osteoporosis 1 excluded for bisphosphonate use
Fracture risk
Respondents were asked to predict their likelihood of fracture in the next 10 years both qualitatively (low, medium, or high risk) and quantitatively (by indicating a percentage chance). Most respondents (58.2%) felt themselves to be at low risk, while 35.5% estimated medium and 6.36% high risk. Respondents' quantitative estimations of risk in general matched their qualitative perceptions of risk, but at an order of magnitude higher than standard definitions (low 10%, medium 10%-20%, high 20%) (Figure 2 ). Objective fracture risk assessment using the FRAX ® tool validated for Canadian populations corroborated the overall low fracture risk of this sample at the time of study. Median (IQR) risk of a major osteoporotic risk factor within 10 years was 1.9% (1.3%-3.6%), with only two participants at medium risk (10% and 15% respectively). Risk for an osteoporotic hip fracture was still lower, at 0.1% (0.0%-0.3%). While 64.5% of respondents reported having no osteoporosis risk factors, 24.3% reported one, 7.5% reported two, and 3.7% reported three, including cigarette smoking (n=25), previous or current corticosteroid use (n=9), parental hip fracture (n=7), excess alcohol intake (3 drinks/day) (n=6), rheumatoid arthritis (n=5), chronic liver disease (n=3), and menopause before the age of 45 years (n=2). The one "protective" variable studied was regular (once a week or more) weightlifting exercise or resistance training, reported by 53.6%.
Discussion
To prepare for a randomized controlled trial, we assessed the acceptability of prophylactic bone antiresorptive therapy during ART initiation among HIV-infected adults. Our finding that half of respondents would be willing to take such therapy, in most cases for whatever duration may be required, supports the feasibility and acceptability of conducting such a trial.
Given participants' preferences for weekly dosing and the modest prevalence of "heartburn" in this population, alendronate would be an attractive option for future study. An extensive literature in HIV-uninfected populations demonstrates that alendronate is efficacious in preventing BMD loss in postmenopausal women, 16, 17 patients taking glucocorticoids, 18, 19 and men receiving androgen deprivation therapy for prostate cancer, 20, 21 for up to 4 years of follow-up. Further, this drug has been safely and effectively used to improve BMD in HIV-infected persons with established osteopenia or osteoporosis. [22] [23] [24] Longer-acting agents such as a single dose of zoledronate and osteoporosis medications from different pharmacological classes may also warrant study.
That males in this sample were less willing to use bone antiresorptive therapy than females is perhaps not surprising, given lay perceptions of osteoporosis as a predominantly women's health issue and given that women's BMD declines at a faster rate than men, particularly after menopause; 6 future work should seek to increase awareness of the importance of bone health among men living with HIV. Taking more pills per day was positively associated with this outcome, perhaps reflecting trepidation regarding pill-taking among treatment-naïve patients and familiarity with pill-taking among those already on ART. In addition, overestimation of fracture risk was common, with 35.5% and 6.4% of the sample subjectively perceiving their fracture risk as "medium" and "high", respectively, despite a low median objective fracture risk of 1.9%. Together with the modest level of bone health knowledge we observed, these findings highlight the importance of patient counseling about this mounting health issue in HIV.
This study has limitations that warrant consideration. First, although it was encouraging that female sex was positively associated with interest in bone antiresorptive therapy, only 21.2% of respondents were female. Future studies should assess the preferences of HIV-infected women regarding bone health in greater detail. Second, we relied on self-report for most osteoporosis risk factors, and respondents' misinterpretation of some items (eg, mistaking osteoarthritis for rheumatoid arthritis, etc) may have resulted in some misclassification. However, this possibility is unlikely to change our overall conclusions regarding the magnitude of fracture risk in this sample. Third, although validated for Canadian populations, the FRAX ® tool does not incorporate HIV status, which is likely an independent risk factor for fracture; hence, participants' true fracture risks may have been underestimated. Fourth, framing the osteoporosis prevention medications as "safe and effective" may have biased towards a greater degree of acceptability. Finally, the total number of respondents was modest, and recruitment was limited to two academic centers. However, we included both a primary and a tertiary care site to increase generalizability, and we surpassed our target sample size.
Importantly, the low overall fracture risk in this sample does not mean that fracture risk in HIV is less important than epidemiological data on osteoporosis prevalence would otherwise suggest. Indeed, as HIV treatment guidelines worldwide increasingly move towards the earlier initiation of ART in HIV-infected persons, patients' cumulative exposure to this long-term, partially iatrogenic health issue will only increase. Given the striking and predictable decreases in BMD during the first year of ART, short-course bone antiresorptive therapy at this time is an attractive approach warranting further study. Our findings support the acceptability of future clinical trials in this area.
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